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What isa“Sugar Platform”?

* A natural intermediate of ethanol
production is the production of pentose and
hexose sugars and relatively pure lignin

— base model converts sugar to ethanol and lignin to
power & steam

— Program recognizes that sugar and lignin can be
converted to other higher value products that may help
jump start biomass conversion

— Program is interested in supporting such utilization of

biomass sugars to advance the core biomass hydrolysis
technology
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What is a“Sugar Platform”?
(Continued)

Replace the Simultaneous Saccharification
and Fermentation with Seguential
Hydrolysis and Fermentation

Decoupling of Hydrolysis and Fermentation
offers various processing advantages and
opportunities

Can serve existing sugar markets, aswell as
supply sugar for fermentations

Why is SHF Possible Now?

Modern metabolic engineering tools have
improved its viability

Enzymatic conversion of celluloseis
generally product inhibited by Cellobiose
With genetically engineered enzymes
systems:

— b-Glucosidase can be increased

— b-Glucosidase removes the cellobiose and
minimizes the product inhibition




Opportunities with a Sugar
Intermediate Stream

» By decoupling hydrolysis and fermentation, the
cellulase enzyme and the fermentation organism no
longer have to operate under the same conditions

— Enzymes can operate at high temperature for increased performance

— Microoganisms can operate a moderate temperatures with emphasis on
performance in hostile chemical environments and utilization of sugars

Microorganism could potentially be recycled in no-
solids fermentation

Sugar is available for production of Higher Value
Products

Cost of Sugar Production

e Sugar production from biomassis projected
to be:
— Near Term 6.4¢ to 5.7¢ per Ib
— 2005 4.4¢ per Ib
— 2010 3.9¢ to 3.0¢ per Ib
This compares favorably with current costs
of glucose:
— ~6¢ per |b (estimated corn wet mill)

Higher VValue Products from
Lignin Stream

Fuel Additives
— Market 25% of the gasoline pool - (4 billion
gallyr)
— Value: 82 ¢ to 99¢ per gallon
— Potential of 125 gal/ton of lignin
« 10 to 35 gal/ton of biomass feedstock
* $7 MM to $25 MM/yr revenue (2000 T/d biomass)
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Upgrading Lignin

* Lignin from either process can be:
— Burned to produce steam and el ectricity
— Depolymerized and hydrotreated to yield

aromatic fuel additives

— Chemically converted to fuel additives
— Converted to other valuable chemicals
— Gasified for power production
— Gasified for fermentation

Higher Value Products from
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Higher Vaue Products from

Summary Sugar Stream
Focusing on a“Sugar Platform” will:

— Allow independent optimization of hydrolysis
and fermentation

— Attract near term industrial partners

— Facilitate near-term commercialization of sugar
products

* Ethanol production from sugar is aknown art

Higher Vaue Products from
Lignin Stream




